Abstract-In this paper, a comparative study between two image fusion algorithm based on PCA and DWT is carried out in underwater image domain. Underwater image fusion is emerged as one of the main image fusion area, here two or more images will be fused by retaining the most desirable characteristics of each underwater images. The DWT technique is used to decompose the input image into four frequency sub bands and the lowlow sub band images will be considered in fusion processing. In PCA method significant eigen values will be considered in fusion process to retain the important characteristics of the input images. The results acquired from both experiments are tabulated and compared by considering the statistical measures such as Peak Signal to Noise Ratio (PSNR), Mean Square Error (MSE) and Entropy. Results shows that underwater image fusion based on DWT outperforms the PCA based method.
I. INTRODUCTION
Underwater image processing is emerged as one of the main research area of image processing. Especially it is widely used in ocean exploration, defense, and fish detection [1] . However, the quality of the underwater images is reduced because of the absorption and scattering effects of the underwater environment [2] . Also it may contain distortion and degradation in the form of noise, blur etc. [3] . Researchers come up with different techniques for improving the quality of underwater images. Image fusion is one such technique. This paper explain the performance evaluation of two algorithm based on PCA and DWT.
The image fusion is a branch of data fusion and it is the process of combining two or more images to form a single image [4] . So the fused image gives much better information than the original images [5] [15] . The Fusion process will reduce the volume of data by creating compatible images with perception capability of human operator by completing image processing tasks like: image segmentation, object detection or target recognition [5] .
Image fusion is used in the areas like defence [6] , surveillance [7] , target tracking [8] , Medical Imaging [9] [10], Biometrics [11] , Robot vision, Aerial imaging and Satellite imaging [12] [13] [14] etc.
The Fusion process can be classified into three levels. They are pixel level image fusion, feature level image fusion; decision level image fusion [16] [17] . The decision level and feature level fusions are high-level fusions that require more complex algorithms and more intensive computation. The pixel level fusion is the lowest level fusion that fuses the images from different physical channels pixel by pixel to enhance the features not complete in either channel [18] . Therefore, it requires less processing time and is found suitable for time critical image fusion applications such as underwater image processing specially for defence purpose.
The paper has been divided into five sections. Section II describes the principal component analysis. Discrete wavelet transform based fusion is discussed in Section III followed by experiment and comparative study in section IV. Conclusions are summarized in section V.
II. PRINCIPAL COMPONENT ANALYSIS
PCA is probably the most widespread multivariate statistical technique. Karl Pearson introduces it in 1901. Principal Component Analysis (PCA) is often used to reduce multidimensional data sets to lower dimensions for analysis. It reveals the internal structure of data in an unbiased way [19] . The PCA image fusion method uses the pixel values of all source images at each pixel location. Then adds a weight factor to each pixel value (it is known as standardized PCA). The average of the weighted pixel values will be used to produce fused image [20] . The optimal weighted factors are determined by the PCA technique.
PCA is very useful for understanding the variability in underwater image data set. Sometimes especially in defense application underwater images may contain large amount of information. It can be reduced by PCA without losing the information by compression. And also the PCA technique is useful for image encoding, image data compression and image enhancement [20] . PCA is implemented by using following mathematical procedure.
Step1: Select two underwater images with same resolution.
Step2: Adjust the image matrix by subtracting the mean from both original image matrixes. The mean can be found using the formula
Step3: Calculate the covariance of the image matrix. It can be found by using the formula.
Step4: Calculate the eigenvectors and eigenvalues from the covariance matrix. The eigenvector will give most important data's.
Step5: Form the feature vectors by ordering eigenvalues based on their significance.
features  vector
Step6: The fused image is formed by taking the transpose of the feature vector and multiplies it on the left of the original data set, transposed. That is
Wavelet is a famous technique used for analyzing signals. It has the ability to preserve the time and frequency details of the images to be fused [22] [23] . It provides a variety of channels representing the image feature by different frequency sub-bands. Li et al [22] and Chipman et al [24] introduced DWT into image fusion. The discrete 2-dimensional wavelet transform is computed by the recursive application of low pass and high pass filters in each direction of the input image followed by sub sampling [23] [25] . The discrete wavelets transform (DWT) allows the image decomposition in different kinds of coefficients preserving the image information. When decomposition is performed, the approximation and detail component can be separated [15] [16] [26] .
The DWT merges the coefficient to get the best result in the fused image. We can do it by considering the average of coefficient [19] . The average method and it is one of the basic methods to implement discrete wavelet fusion.
Here, two underwater images with same spatial resolution are used. The decomposition is achieved by applying DWT on both images. Only the coefficients at the same level and representation are fused. Final fused image is obtained by taking IDWT (Inverse Discrete Wavelet transform).
The procedure given below shows different steps to perform DWT on underwater images.
Step2: Apply decomposition using DWT on both input images.
Step3: Fuse each wavelet coefficient using average method.
Step4: perform IDWT to get the fused image.
IV. EXPERIMENT AND RESULT
In order to measure the performance of the PCA and DWT fusion techniques, two underwater images with same resolution are used. The original images are in jpg format. The images of the scene1 and scene 2 are given in fig.1 and 2 . The performance measuring properties such as entropy, mean square error and peak signal to noise ratio shows the improvement in the fused image for both methods. These are the commonly used statistical measures in assessing image fusion techniques. Mean Square Error and Peak Signal to Noise Ratio consider image as a special type of signal. 
A. Entropy
Entropy is a statistical measure of randomness. It can be used to characterize the texture of the input image. Entropy is defined as -sum(p´log2(p)) (1) Where p contains the histogram counts returned from histogram of the image.
B. MSE (Mean Square Error)
The mean square error of an image can be finding out by using the following formulae.
C. PSNR (Peak Signal to Noise Ratio)
The equation given below is used to find the PSNR between input image and fused image.
These measures give only the global idea of the images. Also when assessing the performance of image fusion techniques using above measurements, we require the knowledge of both original image and fused image. PCA is a standard fusion technique based on the spatial domain, so it has got lower processing speed because of the presence of large amount of pixel level information. Where as in the case of wavelet, fusion takes place in the transform domain by combining the wavelet coefficients. That speedup the process and also produce better fused image. The histogram of the both methods is given in the fig.7 and 8 .
In the case of under water images wavelet based approach is very useful, because we can fuse the images with different resolution. But it is not possible in standard PCA. Decomposition and fusing of coefficient helps to collect the information appropriately in DWT. Higher In this paper performance of the two fusion methods such as PCA and DWT were compared statistically in underwater domain. Image fusion is performed to create a single enhanced image more suitable for different application. PCA primarily works with spatial domain and it is very useful for image fusion, data classification and dimensionality reduction. It has been found that wavelet based fusion techniques outperform the PCA fusion in spatial and spectral quality, especially in minimizing color distortion. Higher value of PSNR clearly shows it. So Wavelet based fusion with higher level of decomposition showed better performance in underwater images. In order to get better spatial and spectral resolution it is recommended to use both PCA and Wavelet together.
